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Abstract 
 
THE CORRELATION OF FRUIT AND VEGETABLE INTAKE WITH AGE-RELATED 
MACULAR DEGENERATION AND CATARACT FORMATION 
 
Marci Rosenberg 
B.S., University of Nebraska 
 
 
Chairperson:  Martin Root, Ph.D. 
 
 
 Age-related macular degeneration and cataracts are common causes of blindness 
among older adults. Oxidation has been linked to the onset of age-related macular 
degeneration and cataracts. It is hypothesized that fruit and vegetable intake, due to their 
antioxidant content, may counteract this effect and lead to lower rates of age-related macular 
degeneration and cataracts. The Atherosclerosis Risk In Communities (ARIC) Study began in 
1987, when approximately 4,000 individuals were randomly selected from four different 
urban communities for the epidemiological study. The second visit of the study took place in 
1990-92, the third in 1993-95, and the fourth exam was in 1996-98. Dietary assessment via a 
66-question food frequency questionnaire along with a retinal examination and cataract 
survey were used from the ARIC study at visit three. The food frequency questionnaire was 
converted into fruit and vegetable groups using the Food Patterns Equivalents Database 
Components 2009-10. The retinal examination was graded according to the Wisconsin age-
related maculopathy grading system. Logistic regression was used via SPSS, controlling for 
gender, ethnicity, age, education level, BMI, smoking, diabetes, and total calorie intake. The 
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present study includes 5,690 male and 7,140 female participants who ranged in age from 51-
70 at visit three. Six percent of the male study population and 5% of the female study 
population were found to have age-related macular degeneration. Nine percent of the male 
population and 10% of the female population reported that they had a cataract. Total fruit 
consumption was found to be 0.86 ± 0.71 servings per day. Total vegetable consumption 
among participants was 1.17 ± 0.84 servings per day. No significant correlation was found 
between any of the food groups and age-related macular degeneration or cataracts. In this 
cross-sectional study, there does not seem to be a relationship between fruit and vegetable 
consumption and age-related macular degeneration or cataract formation for this cohort with 
low fruit and vegetable intake. 
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Chapter One 
 The fastest growing segment of the United States population is individuals aged 85 
years and older, and about 10,000 citizens reach the age of 65 on a daily basis. [1] 
Furthermore, in 1900, only 40% of individuals lived beyond 65 years, where now 80% 
survive to age 65. The implications for the health needs of this escalating number of older 
individuals are vast. Therefore, age-related conditions are at the center of focus for the health 
of this population, with both age-related macular degeneration (AMD) and cataracts affecting 
an increasing number of individuals. 
 AMD is the most common cause of vision loss in the United States and other 
developed countries. [2] This particular condition affects 8.7% of individuals worldwide and 
is growing. [3] It is projected that by the year 2020, 3 million individuals across the world 
will suffer from AMD, with one study stating that this is a “global burden”. [3] While there 
are means of treating AMD, these treatments are not always an option; and the cost may be 
too substantial for certain individuals. For this reason, preventative measures are desired for 
inhibiting or delaying the onset and progression of this condition. 
 By the age of 80, cataracts affect more than half of all Americans. [4] For individuals 
aged 55-80, the ten-year incidence rate of developing a cataract in either eye was found to be 
43.6%. [5] Furthermore, cataracts account for about 49% of vision impairment in the world. 
Over the years, there appears to have been a decline in the study of this disease, as surgical 
techniques of removing the cataractous lenses and replacing them with synthetic implants 
have become more popular. Even so, the prevalence of suffering from a cataract remains 
relatively static due to new cases of cataracts replacing the old cases that have been treated 
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surgically. Therefore, surgery alone is unable to cope with the increasing incidence rate of 
this condition. Surgery may present complications, as removal of a cataract has also been 
thought to hasten the appearance of macular changes associated with aging and with diabetes. 
For these reasons, it would be beneficial to develop therapeutic measures to prevent or delay 
the process of cataract formation. [6] 
 
Age-Related Macular Degeneration 
 In an effort to prevent the onset or progression of these age-related conditions, 
understanding their pathogeneses may be necessary. As research has found over the years, 
many aging processes have been associated with oxidative damage caused by reactive 
oxygen intermediates. The eye is not exempt from this aging process and may be particularly 
vulnerable due to light contacting the retina and causing an increased amount of oxidation. 
Studies have found that chronic photo-oxidative stress in the eye is related to the onset and 
progression of age-related macular degeneration. [4, 7, 8] 
 In one animal study conducted using mice, researchers used low-intensity, long-term 
light exposure to replicate typical light exposure. [7] Researchers found that in the mouse 
retina, light exposure appeared to cause phospholipid oxidation. These oxidized 
phospholipids that were created in the mouse retina led to an increased expression of 
monocyte chemoattractant protein-1, a chemokine that is involved in regulating movement of 
monocytes and macrophages across the endothelium. [7] This increase of the chemokine 
observed in the study produced macrophage accumulation and consequent inflammation. The 
researchers also found that older mice had significantly higher rates of these oxidized lipids 
than the younger mice in the study. Furthermore, the study demonstrated that oxidized 
	3 
phospholipids at the subretinal level caused choroidal neovascularization, which is a 
characteristic of AMD. This choroidal neovascularization was inhibited by blocking 
monocyte chemoattractant protein-1, suggesting age-related macular degeneration 
pathogenesis is related to photic stress causing an inflammatory response as mediated by this 
chemokine. [8] 
 The effects of oxidation damage are apparent, and studies have been conducted in 
order to evaluate methods of reducing oxidative stress in the body. [9] A high-antioxidant 
formula was developed for the Age-Related Eye Disease Study (AREDS) and included 500 
mg of vitamin C, 400 IU of vitamin E, 15 mg of β-carotene, 80 of mg zinc oxide, and 2 mg 
of cupric oxide per day. In one study, the formulation significantly reduced plasma oxidation 
as shown in cystine levels in the blood after five days of supplementation. [9] The AREDS 
study was a multicenter, randomized, controlled, clinical trial that explored the impact of the 
antioxidant supplementation on oxidative stress related to age-related macular degeneration 
and cataracts. The study supplemented participants with the AREDS formulation or a 
placebo. The progression of advanced AMD according to neovascular or central geographic 
atrophy and moderate acuity loss from baseline over five years was measured. For 
individuals with intermediate or advanced AMD in one eye, the AREDS formulation delayed 
the progression to advanced AMD. A follow up study was conducted and annual eye 
examinations were performed. The follow up study compared the participants who were 
originally assigned a placebo at baseline with those originally assigned to AREDS 
formulation and found that at 10 years there was a significant reduction in the risk of 
developing advanced AMD or the development of neovascular AMD. Additionally, a 
significant reduction for the development of moderate vision loss was observed. [10]  
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 While the AREDS study showed prevention of macular degeneration with 
supplementation of antioxidants, other studies have explored the dietary sources of 
antioxidants. One such study set out to analyze which green leafy vegetables could be 
consumed as a dietary supplement for the carotenoids, as the authors noted that green leafy 
vegetables are often cited as having relatively high amounts of these carotenoids. Other fruits 
and vegetables were evaluated for these carotenoids in the study as well. The study found 
that most of the dark green leafy vegetables that have been noted as having higher amounts 
of lutein and zeaxanthin have 15-47% of lutein but very low content of zeaxanthin. Egg yolk 
and maize contained the highest mole percentage of lutein and zeaxanthin. Maize contained 
the highest quantity of lutein and orange pepper had the highest amount of zeaxanthin. Kiwi 
fruit, grapes, spinach, orange juice, zucchini and different kinds of squash also provided 
substantial amounts of lutein and zeaxanthin. The results show that fruits and vegetables of 
various colors can be consumed to increase dietary intake of lutein and zeaxanthin. [11] 
Further research has evaluated the association between lutein plus zeaxanthin on AMD. The 
Carotenoids in Age-Related Eye Disease Study (CAREDS) evaluated 1,787 participants from 
the Women’s Health Initiative Study who were found to have lutein and zeaxanthin intake 
below the 28th percentile or above the 78th percentile. The CAREDS study evaluated AMD 
via a fundus photograph 4-7 years after participation in the Women’s Health Initiative study. 
It was found that high levels of these carotenoids played a protective role against 
intermediate AMD in women younger than 75 years of age. [12]  
 Researchers carried out an epidemiologic prospective cohort study with 464 incident 
cases of early age-related maculopathy and 316 cases of neovascular age-related 
maculopathy among 77,562 women in the Nurses’ Health Study and 40,866 men in the 
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Health Professionals Follow-up Study. The researchers evaluated the dietary intake of the 
subjects in the study with semi-quantitative food-frequency questionnaires. Researchers 
found that fruit intake was inversely associated with the risk of neovascular age-related 
maculopathy and participants who had consumed three or more servings of fruits per day had 
a significant reduction in incidence of age-related maculopathy as compared to those who 
had less than 1.5 servings per day. The researchers concluded that fruits play a protective role 
in the risk of neovascular age-related maculopathy. [13] 
 
Cataracts 
 Not only has oxidative stress been associated with the pathogenesis of age-related 
macular degeneration, but it plays a role with the development of cataracts as well. With 
cataracts, light, UV radiation and oxidative stress affect the proteins, membranes and DNA of 
the lens in the eye. One particular study set out to evaluate the damage to a human 
cataractous lens of an eye by focusing on the DNA impacted. Following removal of the 
cataractous lens, 11 of the lenses were analyzed for DNA damage, and eleven others were 
incubated with 5% CO2 for one week to mimic the endogenous oxidation that the human eye 
encounters, after which the lenses were analyzed by the same means. After one week of 
incubation, there was a significant increase in oxidative damage to purines in the DNA. This 
in vitro demonstration suggests that light damage and oxidative stress cause damage to the 
lens epithelium as noticed in the cataractous lens. [14] Epidemiologic studies have found that 
countries with higher UV indices also have higher incidence of cataracts. [6] The cataractous 
lenses extracted from individuals in these countries also appear to be more strongly 
pigmented with yellow and brown coloration than those of higher latitudes. This coloration 
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may be due to oxidation of proteins caused by light entering the eye. The higher incidence of 
cataracts found in countries with increased UV light exposure is thought to be due to greater 
amounts of reactive oxygen species generated from this light. Both in vitro and in vivo 
studies suggest that the development of a cataract is associated with oxidative stress from 
light entering the eye and causing oxidative damage. [6] 
 Studies have been conducted to explore whether antioxidants have an effect on 
cataract progression and development. A prospective study on the effect of carotenoid intake 
on risk of cataract extraction was carried out based on data from The Health Professionals 
Follow-up Study. This study included 51,529 US male dentists, optometrists, osteopaths, 
podiatrists, pharmacists and veterinarians. Participants were 40-75 years old at the start of the 
study in 1986 and filled out a mailed questionnaire at the onset of the study and every two 
years after that, including a semi-quantitative food frequency questionnaire. It was found that 
increased intake of lutein and zeaxanthin was associated with a modest decrease of cataract 
extractions, with men in the highest fifth of lutein and zeaxanthin intake at a 19% lower risk 
of cataract extraction, suggesting a protective effect of these antioxidants. [15] In one case-
control epidemiologic study, researchers investigated intake of vitamins C and E. In the 
study, the researchers interviewed 250 cataract patients and a similar number of control 
subjects. The researchers found a statistical association between supplemented vitamin 
consumption and decreased rates of cataract conditions. The researchers noted that since this 
was a case-control study, further clinical trials would need to be executed in order to 
strengthen causation. [16] The AREDS study, which assessed the progression and incidence 
of age-related macular degeneration, also was utilized to evaluate the effects of those high-
dose antioxidants on cataracts and related visual acuity loss. The AREDS formulation of 
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antioxidants or a placebo was given to 4757 subjects and baseline and annual lens 
photographs were taken as subjects were followed up for 6.3 years on average. Participants 
were evaluated for the severity of lens opacity using the AREDS cataract grading scale. 
Researchers evaluated change from baseline in nuclear, cortical or posterior subcapsular 
opacity grades or cataract surgery and moderate visual acuity loss. The study found that there 
was no statistically significant effect from the AREDS formulation on the development of 
age-related lens opacities. Furthermore, for those patients who did not suffer from age-related 
macular degeneration at baseline, there was no statistically significant impact of AREDS 
formulation on moderate visual acuity. [17] 
 Fruit and vegetable intake, in particular, has been explored in its relation to cataract 
formation in an analysis of the Women’s Health Study, a prospective study aimed to explore 
cardiovascular disease and cancer incidence in women. The study was a randomized, double-
blind trial which included 39,876 women who were health professionals over the age of 45. 
The study included a 131 item food frequency questionnaire from which fruit and vegetable 
intake was evaluated from average daily intakes of each item. Participants completed annual 
questionnaires that included occurrence of a cataract. The mean daily fruit and vegetable 
intake at baseline was 6.0 ± 3.3 total servings per day. Those women who had indicated 
higher intake of fruits and vegetables were less likely to be current smokers and were also 
found to be older. It was found that there were 2067 occurrences of a cataract and 1315 cases 
of a confirmed cataract extraction, after an average of a 10-year follow up period. 
Researchers found that consumption of over 3.4 servings of fruit and vegetables per day was 
associated with a 10-15% reduction in risk of both cataract and cataract extraction. The 
findings did not change significantly when accounting for smoking and other risk factors for 
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a cataract occurrence. [18] Another study using the Women’s Healthy Study data was 
conducted to assess dietary intake of carotenoids, vitamin C and E and risk of cataract in 
women. The food frequency questionnaire, as well as information collected about vitamin 
supplement intake was used to assess consumption of these nutrients. The intakes of the 
carotenoids and vitamins were assessed for diet alone as well as with multivitamin 
supplements. Researchers found that higher dietary intakes of lutein and zeaxanthin and 
vitamin E from both dietary sources and supplements were associated with a significant 
decrease in the risk of a cataract. [19] An analysis of the Nurses’ Health Study also explored 
the role of dietary choices on age-related cataract formation. The study consisted of 121,700 
female registered nurses 30-55 years of age in 1976. The participants filled out 
questionnaires every two years for follow-up information. A 126-136 item semi-quantitative 
food frequency questionnaire was administered every two to four years starting in 1980, and 
the mean over an average of 10 years of consumption was used. Results of the food 
frequency questionnaire averages were then evaluated to indicate adherence to the 1990 
Dietary Guidelines for Americans using the Healthy Eating Index. The 1990 Dietary 
Guidelines for Americans recommended intake of three or more servings of vegetables and 
two or more servings of fruits per day. [20] Participants were given an eye examination and 
color film slides of the lens were evaluated for opacity. Researchers found that adherence 
with the Dietary Guidelines for Americans was inversely associated with age-related nuclear 
lens opacity in women. [21] 
 Research suggests that components of fruits and vegetables can improve eye health. 
Studies have even found that high intakes of fruit and vegetable consumption can deter AMD 
and cataract formation. This study will investigate the association of different fruit and 
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vegetable groups, as defined by government standards according to MyPyramid, with age-
related macular degeneration and cataract formation in a population that consumes low 
amounts of these foods. 
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Chapter Two 
Abstract 
Objectives: To determine the association of individual fruit and vegetable group consumption 
and total fruit and vegetable consumption with age-related macular degeneration and cataract 
formation. Design: Dietary assessment via a 66-question food frequency questionnaire, along 
with a retinal examination and cataract survey were used from the ARIC epidemiological 
study at visit three. The food frequency questionnaire was converted into fruit and vegetable 
groups using the Food Patterns Equivalents Database Components 2009-10. The retinal 
examination was graded according to the Wisconsin age-related maculopathy grading 
system. Setting: The Atherosclerosis Risk in Communities (ARIC) Study is an 
epidemiological prospective cohort study that began in 1987 and included approximately 
4,000 individuals randomly selected and recruited from a defined population in four 
communities at visit one. Follow up studies took place in 1990-92, 1993-95 and 1996-98. 
Participants: The present study includes 11,532 of the biracial population evaluated at the 
third visit (1993-95). Subjects excluded were missing a food-frequency questionnaire (FFQ), 
covariate information or AMD or cataract information from visit three. Measurements: 
Logistic regression was used via SPSS version 22.0, 2013, controlling for gender, ethnicity, 
age, education level, BMI, smoking, diabetes and total calorie intake. Results: At visit three, 
participants ranged in age from 51-70 years old. Six percent of the male study population and 
5% of the female study population were found to have age-related macular degeneration. 
Nine percent of the male population and 10% of the female population reported that they had 
a cataract. Total fruit consumption was found to be 0.86 ± 0.71 servings per day. Total 
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vegetable consumption among participants was 1.17 ± 0.84 servings per day. There was no 
significant association between AMD or cataracts and fruit and vegetable intake. Conclusion: 
In this cross-sectional study, there does not appear to be a relationship between fruit and 
vegetable consumption and age-related macular degeneration or cataract formation for this 
cohort with low fruit and vegetable intake. Further research needs to be done to explore this 
relationship. 
Key words: Age-Related Macular Degeneration, Cataracts, Fruits, Vegetables 
 
Introduction 
 Age-related macular degeneration (AMD) is the most common cause of blindness in 
developed countries. AMD affects 8.7% of individuals worldwide and it is projected that by 
the year 2020 that 196 million individuals across the world will suffer from AMD. [3] 
Treatments for AMD are not always an option and can be costly. For this reason, 
preventative measures are desired for inhibiting or delaying the onset and progression of this 
condition. 
 Cataracts affect more than half of all Americans by the age of 80. For individuals 
aged 55-80, the ten-year incidence rate of developing any cataract was found to be 43.6%, 
and cataracts accounts for about 49% of vision impairment in the world. [5] Over the years, 
there has been a decline in the study of this disease, as surgical techniques of removing and 
replacing the cataractous lenses have become popular, but the prevalence of cataracts 
remains static due to new cases arising. It would be beneficial to develop therapeutic 
measures to prevent or delay the process of cataract formation. [6] 
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 Studies have found oxidative stress in the eye is related to the onset and progression 
of AMD. [7] When the AREDS formulation of antioxidants was given to a study population, 
researchers found significantly reduced plasma oxidation. [9] Further evidence suggested 
AREDS antioxidant supplementation improved AMD outcomes, even after a ten year follow 
up. [10] Researchers have also investigated AMD and the role of certain carotenoids, lutein 
and zeaxanthin, which are found in relatively high quantities in the eye. Results suggest 
higher intakes of these carotenoids may protect against intermediate AMD in certain 
populations. [12] Fruit has been found to play a protective role in the risk of neovascular age-
related maculopathy as well. [13] 
 Oxidative damage has been associated with cataractous lenses. One study found the 
DNA in the lens suffers from oxidative damage, suggesting oxidative stress causes damage to 
the lens epithelium. [14] Epidemiologic studies have found that countries with higher UV 
indexes have high incidence of cataracts, possibly due to greater amounts of reactive oxygen 
species generated from this light. [6] Studies have found that intake of carotenoids was 
associated with a decrease in cataract extraction. [15] Furthermore, consumption of fruits and 
vegetables has been associated with a decreased risk of cataracts and cataract extraction in 
one cohort study. [18] 
 Previous research has suggested that components of fruits and vegetables can 
improve eye health. Studies have even found that high intakes of fruits and vegetables can 
deter AMD and cataract formation. The present study will investigate the association of 
different fruit and vegetable groups, as defined by USDA standards according to MyPlate, 
with AMD and cataract formation in a population that consumes low amounts of these foods. 
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Methods 
Study Population 
The Atherosclerosis Risk in Communities (ARIC) Study is an epidemiological 
prospective cohort study that began in 1987 and included approximately 4,000 individuals 
randomly selected and recruited from a defined population in four communities including 
Washington County, MD; Forsyth County, NC; Jackson, MS, and Minneapolis, MN. Of 
these communities, Jackson, MS, included black subjects only. At baseline, 15,792 subjects 
aged 45-64 years were examined from 1987 through 1989, [22] and 12,887 individuals were 
evaluated at a third clinical visit in 1993 through 1995. [23] The present study includes 
11,532 of the biracial population evaluated at the third visit. [24] Subjects excluded were 
missing a food-frequency questionnaire (FFQ), covariate information or AMD or cataract 
information from visit three. 
 
Dietary Intake 
At visit three, an interviewer administered a semi-quantitative FFQ to study 
participants. [25] Subjects reported the frequency of consumption of 66 food items in nine 
different categories. Additional information was collected including the name brands of some 
items. [26] 
Fruit and vegetable consumption collected from the FFQ and analyzed according to 
the Food Patterns Equivalents Database Components 2009-10 (FPED), which captured fruit 
and vegetable consumption in mixed dishes as well as solitary sources. The fruit and 
vegetable servings from the FFQ were categorized into the following groups using the FPED: 
1) total fruit 2) citrus, melons, and berries 3) other fruits 4) fruit juice 5) total vegetables 6) 
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dark green vegetables 7) total red and orange vegetables 8) total starchy vegetables 9) other 
vegetables. [27] Total fruits and total vegetables were summed to create the category total 
fruits and vegetables. 
 
Retinal Examination 
 At the third visit, a retinal examination light box was used to evaluate the condition of 
the participants’ eyes. One eye of each participant was examined using a photograph of the 
participant’s fundus at that time in a process that was detailed in a previous study. [28] In 
brief, the fundus photographs were assessed in a previous study using the Wisconsin age-
related maculopathy grading system to evaluate early and late stage AMD. 
 
Cataracts Survey 
At visit three, participants completed a retinal examination form, which included 
questions about cataract prevalence. [29] The survey question used to evaluate cataract 
prevalence was, “Has a doctor ever told you that you have eye problems as a result of 
cataracts, or cloudiness of the lens, in one or both of your eyes?” Participants could answer 
with “Yes”, “No”, or “Unknown.” 
 
Statistical Analysis 
SPSS version 19.0 was used to analyze the onset of AMD and incidence of cataracts 
associated with total fruit and vegetable consumption as well as FPED subgroups previously 
described. Logistic regression analysis for each of the eye pathologies was performed. 
Confounders were considered progressively from unadjusted results, results adjusted for 
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demographic factors, and finally results adjusted for several lifestyle and dietary factors. 
Covariates included in the final model were age, gender, ethnicity, education level, BMI at 
visit three, smoking status (current smoker or not at visit three), diabetes diagnosis at visit 
three, and total calorie consumption at visit three. 
 
Results 
 
Table 1 
Description of Study Participants 
 
Variable Value 
 Male Female 
Gender 5690 (44%) 7140 (56%) 
Age (years) 51-70 51-70 
Black Ethnicity 1094 (19%) 1894 (27%) 
BMI (kg/m2) 28.2 ± 4.5 28.8 ± 6.3 
Diabetes Diagnosis 555 (10%) 699 (10%) 
Total AMD 295 (6%) 306 (5%) 
Cataract 511 (9%) 708 (10%) 
   
Food Group Servings Per Day 
Citrus, Melon, Berry Fruits 0.19 ± 0.24 
Other Fruits 0.45 ± 0.44 
Fruit Juice 0.22 ± 0.28 
Total Fruits 0.86 ± 0.71 
Dark Green Vegetables 0.19 ± 0.29 
Total Red Orange Vegetables 0.22 ± 0.21 
Total Starchy Vegetables 0.56 ± 0.48 
Other Vegetables 0.20 ± 0.22 
Total Vegetables 1.17 ± 0.84 
Total Fruits and Vegetables 2.03 ± 1.28 
Servings per day are expressed as mean ± standard deviation 
 
 Table 1 gives a description of the study participants that were evaluated in this 
analysis at visit three. The majority of participants were female (56%), and the rates of 
cataracts and AMD did not differ greatly between the genders. The recommended fruit and 
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vegetable intake for a 2,000 kcal diet is five cups per day; the mean consumption of total fruit 
and vegetable servings were 2.03 servings per day in this study. Males consumed an average 
of 1.96 total fruit and vegetable servings per day, and females consumed an average of 2.08 
total servings per day. 
Table 2 
Association of Food Group Servings per Day with Age-Related Macular Degeneration 
(AMD)and Cataract Prevalence 
 
Variable AMD Cataracts 
Odds 
Ratio 
 
P Value 
Odds 
Ratio 
 
P Value 
Citrus, Melon, Berry Fruits 0.914 
0.874 
0.626 
0.477 
1.177 
1.001 
0.173 
0.991 
Other Fruit 0.990 
0.959 
0.915 
0.694 
1.126 
1.010 
0.057 
0.893 
Fruit Juice 1.164 
1.117 
0.260 
0.424 
0.995 
0.885 
0.966 
0.284 
Total Fruit 1.013 
0.991 
0.822 
0.884 
1.067 
0.984 
0.102 
0.730 
Dark Green Vegetables 0.989 
1.073 
0.941 
0.625 
1.099 
1.056 
0.313 
0.595 
Total Red Orange Vegetables 1.240 
1.173 
0.238 
0.405 
1.392 
1.180 
0.009 
0.237 
Total Starchy Vegetables 1.020 
1.107 
0.817 
0.855 
0.882 
0.951 
0.085 
0.488 
Other Vegetables 0.934 
0.957 
0.733 
0.825 
1.091 
1.029 
0.493 
0.828 
Total Vegetables 1.014 
1.020 
0.775 
0.694 
1.007 
1.006 
0.852 
0.879 
Total Fruits and Vegetables 1.010 
1.006 
0.751 
0.856 
1.023 
0.998 
0.305 
0.933 
 
*Logistic regression model. Line one unadjusted results. Line two results controlled for age, 
gender and ethnicity 
 
 Table 2 shows the unadjusted associations between specific food groups and AMD 
and cataracts in the first line. The second line shows the associations after controlling for age, 
race and gender. The odds ratio is that associated with an increase of one fruit or vegetable 
serving per day. 
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Table 3 
Association of Food Group Servings per Day with Age-Related Macular Degeneration 
(AMD) and Cataract Prevalence 
 
 
 
 
Variable 
AMD Cataracts 
Odds 
Ratio 
 
P Value 
Odds 
Ratio 
 
P Value 
Citrus, Melon, Berry Fruits 0.873 0.532 0.991 0.950 
Other Fruit 1.031 0.805 0.952 0.603 
Fruit Juice 1.130 0.419 0.878 0.303 
Total Fruit 1.024 0.755 0.952 0.398 
Dark Green Vegetables 1.025 0.897 0.870 0.345 
Total Red Orange Vegetables 1.151 0.560 0.883 0.515 
Total Starchy Vegetables 0.982 0.894 0.859 0.145 
Other Vegetables 0.924 0.740 0.928 0.662 
Total Vegetables 1.002 0.977 0.907 0.107 
Total Fruits and Vegetables 1.013 0.815 0.933 0.091 
 
*Logistic regression model controlled for gender, ethnicity, age, education, BMI, smoking, 
diabetes, and total calories 
 
 
 Table 3 depicts the associations of the specific food groups after being controlled for 
gender, ethnicity, age, education, BMI, smoking, diabetes, and total calories. Total red and 
orange vegetables were found to be significant in the unadjusted model, but when important 
cofactors were controlled for, the significance was not maintained. No significant 
associations between AMD or cataracts and fruit and vegetable groups were found.  
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Discussion 
 
 In this cross-sectional study, a link between intake of fruit and vegetable groups and 
AMD or cataracts in this population with relatively low fruit and vegetable consumption was 
not found. The low intake of fruits and vegetables in this specific study population may be an 
important factor in the generation of these non-significant results, while other studies with 
higher intakes showed more positive results. The low intake of fruits and vegetables in this 
study population could be a reflection of the limited FFQ, though fruit and vegetable 
consumption from mixed dishes in addition to solitary fruit and vegetable consumption was 
captured using the FPED to obtain a more accurate number of fruit and vegetable servings 
per day.  
 The relatively low intake of fruit and vegetables compared to higher intakes evaluated 
in other study populations is found to be less than the average intake in the United States 
during that time. In 1995, a telephone survey was performed evaluating intake over 16 states 
and found that mean intake was 3.3 servings per day for men and 3.7 servings per day for 
women, with only 20% of the population consuming the recommended 5 servings per        
day. [30] The Women’s Health Study, conducted in 1993, found a higher consumption with 
an average of 2.2 servings of fruit and 3.9 servings of vegetables per day. [31] The 
discrepancy between the reported intakes of fruit and vegetables in the ARIC study and other 
study populations as well as with reported intakes in United States is indicative that the 
ARIC food frequency questionnaire may have limited the results of fruit and vegetable 
consumption. The Food Patterns Equivalents Database (FPED) was key to this study, as 
different food groups were examined individually in their relation to AMD and cataracts. 
	19 
These unique fruit and vegetable groups were combined into a group of total fruits and 
vegetables to evaluate the overall correlation with AMD and cataracts. 
 Oxidative damage can contribute to certain eye conditions such as AMD and 
cataracts. [6, 7] Fruits and vegetables contain antioxidants that may prevent this oxidative 
damage from occurring. Evidence suggests that intake of antioxidant supplements can help to 
decrease progression and incidence of AMD. [9, 10] Fruit intake has also been shown to have 
a protective role in neovascular age-related maculopathy, an early stage of AMD. [13] 
Separate studies have found that intake of carotenoids from food as well as intake of vitamins 
C and E from foods has been shown to decrease the incidence of a cataract. [15, 16] 
Furthermore, fruit and vegetable consumption over 3.4 servings per day was found to 
decrease risk of both a cataract and cataract extraction. [18] Adherence to the Dietary 
Guidelines for Americans has also been shown to be inversely associated with lens opacity in 
one study. [21] 
 While other studies have found a link between antioxidant and fruit and vegetable 
consumption and AMD or cataracts, the current study did not find this link. It is speculated 
that higher intake of fruits or vegetables in other cohort studies could have led to a more 
positive result. The Women’s Health Study reported an average of 6.0 ± 3.3 total servings per 
day of fruits and vegetables per day [18] compared to 2.03 ± 1.28 in this cohort. 
 Because the study was cross-sectional, it was limited by a single measure of food 
intake during visit three. The relatively low fruit and vegetable intake by the study population 
was also a limitation in this study, which may have been exacerbated by the limited FFQ that 
was used throughout the study. Although a fundus photograph was used to evaluate AMD, 
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cataract incidence was self-reported. The cohort was relatively large, including 11,532 
participants of a biracial population, which strengthened the results of this study. 
 In conclusion, we did not find an association between intake of different fruit and 
vegetable groups or total fruit and vegetable intake and incidence of AMD or a cataract when 
accounting for confounding factors. Future research should focus on the amount of fruit and 
vegetable intake necessary to impact AMD and cataract prevalence. 
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